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(57) Abstract: A medical instrucment for obtaining access to a site within the body dircctly inserted throughthe skin or through an 
incision in teh skin to enable introduction of further medical instruments to the percutaneously accessed site to a more remote site 
in the body. The instrucment comprises a combined medical probe and flexible guide wire for introduction of the further elongated 
diagnostic or surgical or therapy deliveiy devices ore the guide wire and probe. The combined medical probe and flexible guide wire 
further comprises a stiff tissue penetrating probe having a probe lenght between a probe proximal end and a probe distal end, the 
probe length shorter thant he elongated medical device length, and a flexible guide wire body having a guide wire length between 
a guide wire body proximal end and a guide wire body distal end, the guide wire distal end coupled ot he probe promimal end, the 
guide wire lenght sufficiently long to support the elongated medical device to enable its over-the-wire advancement over the guide 
wire body and probe. 
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PERCUTANEOUS MEDICAL PROBE AND 
FLEXIBLE GUIDE WIRE 

BACKGROUND OF THE INVENTION 

This invention relates generally to a medical instrument for obtaining access to a 
site within the body directly inserted through the skin or through an incision in the skm to 
enable introduction of further medical instruments to die peicutaneously accessed site or 
from the percutaneously accessed site to a more remote site in the body, and more 
particularly to a combined medical probe and flexible guide wire (or guidewire) for 
introduction of the furfher elongated diagnostic or surgical or tiierapy deliveiy devices 
over the guide wire and probe. 

Description of Related Ait Numerous medical procedures have come into 
common usage for accessing a site within the body in a minimally invasive manner tiiat 
avoids surgical exposure of the site to perform a wide variety of diagnostic and therapeutic 
procedures involving use of a small diameter probe (defined herein as including a needle, 
a stiff wire, a trocar or the like). Such medical procedures generally involve use of tiie ' 
probe to create a percutaneous (also referred to in the art as transcutaneous or trans- 
dermal) pathway through the skin and subcutaneous tissue. Ihe probe is either pushed or 
stuck directly through the patient* s skin or is inserted through a small surgical incision in 
the skin to a particular p^cutaneously accessed site of interest or to a startmg point of an 
access pathway to a remote site of interest Then, the percutaneous pathway is expanded 
in a variety of ways to enable insertion of larger diameter diagnostic, surgical or 
therapeutic devices. In the course of such procedures, it is common to advance 
introducers, dilators, and other tubular instruments over the probe and over one another in 
a prescribed sequence to enlarge the percutaneous pathway by spreading tissue apart The 
probe is removed at a particular point in the procedure dep^ding upon the selection of 
instruments that are used in the sequence of enlarging the percutaneous pathway. 
In one approach, flie percutaneous pathway that is finally created is defined by (he lumen 
of a hollow tubular catheter or introducer or the like extending firam the skin to the 
accessed site to enable passage of therapeutic or diagnostic or surgical devices 
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therethrough to the accessed site. In aBother approach, tiie percutaneous pathway is 
defined by the outer guiding surface of a hollow or solid core stylet or guide wue 
extending jGrom the skin to the accessed site to enable over-the-wire advancement of 
Iherapeutic or diagnostic or surgical devices to the percutaneous access site. 

When the peicutaneously accessed site is the site of interest, a diagnostic, surgical 
or therapeutic device is introduced through Hie expanded percutaneous pathway in the 
through-fhe-lumen or over-fhe wire manner to perform a procedure or deliver a tiierapy to 
the accessed site. 

When a more remote site is the site of interest, the same or a fbrther accessing 
instrument or tool, e.g. an elongated caflieter or cannula or guide wire (or a combination of 
the same used in a predetermined sequence), is advanced through the percutaneous 
pathway and ftom tiie percutaneously accessed site through a remote access pathway to 
the remote site of interest. The access pathway may be a vascular pathway from an 
incision into a vein or artery at the percutaneously accessed site that is employed to 
introduce cardiac catheters and leads or vascular instruments for diagnostic, therapeutic or 
surgical procedures at remote sites in the heart or in the vascular system. Or the access 
pathway may be ttuougfh or into a body organ or cavity or lumen or other structure to the 
remote site of interest 

Usually, ib& percutaneous pathway is relatively straigiht but the access pathway 
twists and turns following the anatomy of the body. Typically, the accessing instrument 
that is left in place extendii^ to the remote site comprises a flexible guide wire or guide 
catheter that can bend to follow the access pathway. The flexible guide wire or guide 
caflieter flien extends &om an accessible proximal end left outside the patient's body 
dirough the percutaneous pathway and fee access pathway to a distal end advanced to the 
remote site. Then, a diagnostic or surgical or feerapeutic instrument is introduced ovot- 
fee-wire or through-fee-lumen to enable a diagnostic or surgical procedure or to provide a 
feerapy at the remote site. 

Many feerapeutic and/or diagnostic procedures have been developed that mvolve 
obtaining access to a desired percutaneous access site or remote site in fee bo^ as 
described above and fee implantation of a isaxspoxaxy or permanent electrical stimulation 
lead, sensor bearing lead or drag delivery cafeeter that is coupled wife a permanently 
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implanted or external pulse generator and/or monitor or drug delivery device. In many 
procedures^ it is desirable to insert a fliecapeutic or diagnostic lead or callieter having as 
small an outside diameter as is possible to locate a distal segment thereof at a desired site 
while minimally displacing body tissue. The electrical stimulation lead, sensor bearing 
lead or drug delivery catheter is implanted via such a percutaneous pathway and typically 
extends through an access pathway to locate electrical sensing and/or stimulation 
electrodes or sensors or drug delivery outlets at the remote site. In permanent implantation 
procedures, the proximal ends of such sensor and/or electrode bearing leads or catheters 
are coupled to implantable pulse generators and/or monitors or dmg delivery devices that 
are implanted subcutaneously near the percutaneous pathway or at a distance from the 
percutaneous pathway. In the latter case, the lead or catheter is relatively long or is 
attached to a relatively long lead or catheter body that is implanted through a subcutaneous 
tunnel to the remote medical device. 

For example, access to the epidural space of the spinal column and to introduce a 
stimulation lead into the epidural space is disclosed in commonly assigned U.S. Patent No. 
5,255,69 1 . An epidural needle assembly is employed to reach a percutaneously accessed 
site in the epidural space, and a stylet stiffened stimulation lead is introduced througji the 
needle lumen and advanced past the percutaneously accessed site through an access 
pathway in the epidural space to position the lead electrodes at a remote site still wifliin 
the epidural space. The needle and stylet are withdrawn, and the lead cormector elements 
are connected with an implantable neurostimulator that is implanted subcutaneously in the 
body. 

As noted above, flie initial step in forming a percutaneous pathway typically 
involves use of a probe, such as a stif^ sharp tip or blunt tip, strai^t needle, that is 
advanced by a clmician ftom the skin or skin incision to the percutaneously accessed site. 
In most cases, the probe is aimed in a carefully determined direction fixim the skin to tiie 
site so that flie distal tip of the needle reaches the site of interest with the needle axially 
aligned to body feature that must be accessed. For example, percutaneous pafliways are 
formed to allow miniaturized neurostimulation leads to be advanced into the spinal 
column as disclosed, for example, in the above-referenced '691 patent, or through a 
foramen of the sacrum (as disclosed, for exanq)le, in commonly assigned U.S. Pat. Nos. 
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5,957,965, 6,104,960 and 6,055,456) in carefully detKmined and particularly sensitive 
directions. 

The direction of advancement of the needle or other probe in three-dimensional 
space is determined in advance by use of radiographic imaging or palpation of tissue or 
steallh station technology. The probe is then carefully held and advanced from the skin so 
that it is axially aligned with the predetermined direction. This procedure is most easily 
accomplished using a inrobe tiiat is no longer than necessary to extend from the skin to the 
percutaneously accessed site. It is easier to accurately aim and advance a short probe than 
a long probe that extends away from Ihe skin. The probe is necessarily small in diameter 
and stift and such a probe tends to flex and bend in direct relation to its length. Thus, a 
long probe can bend as it is advanced and depart from tiie intended direction. Moreover, 
Ihe probe becomes more difficult to aim and hold to a desired dnection as its length 
increases, because slight deviations from the intended direction are magnified Ihrough the 
length of the probe. 

Therefore, relatively short probes are employed having a shorter exposed length 
extending from the skin than the length of a lead or cafhet^ or instrument flbat is to be 
advanced through the percutaneous pathway. Typically, the probe length is shorter flian 
the overall length of the lead or catheter which usually mcludes a proximal segment that is 
to be extended to an external or implanted device located or implm^d at a distance from 
the percutaneous pathway. Thus, it is not possible to grasp the proximal end of the probe 
if an attempt is made to advance any such lead or catheter or instrument over the probe to 
maintain the carefully determined direction of insertion of the probe. 

We have found tiiat it would be desirable to be able to employ the probe itself to 
guide longer dilators or surgical instruments or leads or catheters or the like in an over-the- 
wire manner to a remote site or just to the percutaneous access site to minimize the 
number of instruments used and steps in the procedure. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention recognizes and provides a solution to the 
problems associated wifih defining a percutaneous pathway for over-lhe-wfre advancement 
' of a therapeutic or diagnostic instrument or a pathway expanding instrument 
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In accordance with a preferred embodiment of the inventioii, a combined percutaneous 
medical probe and guide wire is employed to form a percutaneous pathway to a 
percutaneously accessed ate and enables over-the-wire advancement of an elongated 
medical device to the percutaneously accessed site and into an access pathway. The 
combined medical probe eliminates the need to introduce a separate guide wire to tihe 
percutaneously accessed site. 

The combined pCTCUtaneous medical probe and guidewire comprises a stiff tissue 
penetrating probe having a first length adapted to provide the percutaneous pathway to the 
percutaneously accessed site of interest The tissue penetrating probe is coupled with a 
flexible guide wire body that remains entirely or substantially outside the body having a 
second length sufficiently long to support the full length of the elongated medical device 
to enable its over-the-wire advancement. The tissue penetrating probe is adapted to be 
manually grasped, aligned axially in a predetermined direction, and advanced from the 
skin to the percutaneously accessed site while the flexftle guide wire droops away from 
the attachment with the proximal end of the probe. Thus, the relatively short probe is 
more readily and accurately aligned to the predetermined direction to fiwilitate accurate 
advancement Then, a further instrument, e.g. a dilator having a through-lumen, can be 
advanced over the flexible guide wire body and distally over the probe to dilate the tissue 
surrounding it if necessary. An elongated medical device having a through-lumen 
comprising one of a lead or a catheter or a surgical nistrument can be mserted over the 
combined flexible guide wire body and the probe to locate a distal end thereof at the 
percutaneously accessed site or through the percutaneously accessed site to a remote site 
in tfie bo<fy. 

The percutaneously accessed site is typically within a vessel or organ lumen or 
vnthm the brain or within a body cavity HbaX is reached by the distal end of the probe that ' 
is passed through the skm and subcutaneous tissue. The combmed medical probe can be 
employed as a test stimulation or electrical sensing lead to apply electrical stimulation to 
responsive tissue, e,g., muscle or nerve fibers or brain cells, or to receive electrical signals 
from tissue at the percutaneously accessed site. The probe is preferably formed of 
conductive metal and electrically insulated along its length except for a stimulation or 
sense electrode area at or adjoining the probe distal tip. The flexible guide wire is 
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preferably formed of an electrical conductor fbat is electrically insulated along its length 
except for a proximal electrode coimector element 

Preferably, the probe is formed of a needle with a closed distal tip to prevent 
coring of tissue. The flexible guide wire body is preferably formed of a coiled wire within 
an insulating sheath having a guide wire body diameter about equal with the diameter of 
the needle. An inextensible core wire is fixed to and extends fi:om tiie exposed proximal 
end of the coiled wire through the coiled wire lumen and the needle liunen to the beveled 
needle distal tip and thereby inhibits stretching of the guide wire body and coring of tissue 
by the needle distal tip. Alternatively, the core wire can be afiBxed more proximally 
within the needle lumen or otherwise fixed to the needle proximal end, and Ihe needle 
lumen can be filled with a fiirfher wire or filler material to provide an equivalait structure . 
The continuous core wire provides a continuous electrical conductor that is relatively 
noise fi^ee when flie combined medical probe and guide wire is used as a stimulation or 
electrical sensing lead. 

One preferred use of the combined percutaneous medical probe and guide wke is 

to form a percutaneous pathway to a sacral nerve ftat can be accessed in a posterior 

approach through a foramen of the patienf s sacrum where the sacral nerve extends 

anteriorly and inferiorly so as to place an implantable neuroslimulation lead electrode in 

operative relation with the sacral nerve. In this procedure, it is nnportant to accurately 

insert the probe tip into the foramen at a prescribed angle to access the sacral nerve 

without damaging it The sacral nerve response to applied electrical test stimulation can 

be assessed at differing depths of insertion of the exposed distal tip electrode to map the 

optimal location of the lead electrode. 

Ifnecessary, dilation oftissue around the probe can be undertaken. A dilator can 

be advanced over the guide wire body until the guide wne proximal end is exposed firam 
the dilator lumen at the lead body proxnnal end. The guide wire body can be straightened 
to enable advancement of the dilator over the probe and withdrawal of the dilator. 

A neurostimulation lead can be advanced over the guide wire body until the guide 
wire proximal end is exposed fit>m the lead body lumen at the lead body proximal end. 
The guide wire body can be straightened to enable advancement of the lead over the probe 
until the neurostimulation lead electiode(s) is optimally advanced into operative relation to 
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the sacral nerve. The sacral nerve response to applied electrical test stiinulation can also 
be tested using the neuiostimulation lead as the lead electrode is advanced. Hie combined 
probe and guide wiie can be retracted from the lead body lumen when Ihe testing is 
completed and the distal stimulation electiode(s) is optfanaQy placed. The implantation 
procedure of the present invention eniploying the combined percutaneous medical probe 
and guide wire to form a percutaneous pathway for knplanting a neurostimulation lead 
allows more rapid placement of the stimulation electrodes near the sacral nerves. 

A similar procedure can be undertaken using Ihe to implant leads and catheters or 
to guide tissue expandmg introducers or dilators to other percutaneously accessed sites 
using the combined percutaneous medical probe and guide wire is to form a percutaneous 
patiiway . For example, the combined percutaneous medical probe and guide wire can be 
used to form a percutaneous pathway into the epidural space of the spinal column, into or 
adjacent to the stomach wall for the treatment of stomach disorders such as gastroparesis, 
into the large intestine for treatment of a paralyzed bowel condition or delayed bowel. 
Moreover, the combined percutaneous medical probe and guide wke can be used to form a 
percutaneous pathway through chest wall into the pericardial sac to provide a pathway to 
advance a cardiac pacing lead for treatment of bradycardia or a lead bearing a physiologic 
sensor to the pericardium. The lead may have a fixation mechanism for afBbdng 
pace/sense electrodes against the pericardium or into the myocardium. 

This summary of Ihe invention has been presented here simply to point out some of 
Ihe ways that the invention overcomes difficulties presented in the prior art and to 
distinguish the invention firom the prior art and is not mtended to operate in any manner as 
a limitation on the interpretation of clanns tiiat are presented initially in the patent 
s^plication and that are ultimately granted. 

BRIEF DESCRBPTION OF THE DRAWINGS 

Preferred embodiments of the invention are illustrated in the drawmgs, wherein 
like reference numerals refer to like elements in flie various views, and wherem: 

FIG. 1 is a plan view of a preferred embodiment of the combined percutaneous 
medical probe and guide wire of the present invention. 
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FIG. 2 is a side cross-section view of the guide wire construction taken along lines 

2- 2 of FIG. 1. 

FIG. 3 is an end cross-section view of the guide wire construction taken along lines 

3- 3 of FIG. 1. 

FIG. 4 is an ^d cross-section view of the guide wire construction taken along lines 

4- 4 of FIG. 1. 

FIG. 5 is a schematic illustration of liie percutaneous advancement of the medical 
probe of the combined percutaneous medical probe and guide wire to a percutaneously 
accessed site through a foramen of the sacrum. 

FIG. 6 is a schematic illustration of the percutaneous advancement of the medical 
probe of the combined percutaneous medical probe and guide wire to a percutaneously 
accessed site tiirough a foramen of the sacrum. 

FIG. 7 is a schematic illustration of flie straightening and insertion of the guide 
wire body proximal end into the flo-ough-lumen of an elongated neurostimulation lead. 

FIG. 8 is a schematic illustration of the advancement of the elongated 
neurostimulation lead over the combined percutaneous medical probe and guide wire to 
locate the lead electrodes at the percutaneously accessed site adjacent to the sacral nerve. 

FIG. 9 is a schematic illustration of the withdrawal of the combined percutaneous 
medical probe and guide wire through the fhrough-lumen of the elongated 
neurostimulation lead leaving fee lead electrodes at the percutaneousfy accessed site 
adjacOTt to the sacral nerve. 

FIGs. 10a - 10c illustrate a preferred dilator formed of the assembly of a dilator 

body and a dilator sheath usable in the procedure illustrated in FIGs.5-9 to dilate 

the percutaneous pathway to facilitate mttoduction of the neurostimulation lead 

eifeer over the combined percutaneous medical probe and guide wire of through 

the lumen of the dilator sheath. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodimeat of the combined piobe and guide wire of the present 
invention is depicted in FIGs. 1 -4,andapreferreduseisdqpictedinFIGs. 5-9 
optionally including the use of the dilator of FIGs. 10a - 10c described ftirther below. The 
combined probe and guide wire 100 comprises a stiff tissue penetrating probe 1 12 having 
a probe length between a probe proximal end 1 14 and a piobe distal end 1 16 and a flexible 
guide wire body 120 having a guide wire length between a guide wire body proximal end 
122 and a guide wire body distal end 124. The guide wire body distal end 124 is coiq>led 
to the probe imximal end 1 14. 

The combined percutaneous medical probe and guide wire 100 is preferably 
covered along its length by an insulating coating 126 except for a distal e3q)osed area 
providmg an exposed electrode 128 for delivering stimulation to body tissue and an 
exposed electrical connector area of the guide wire body providing an exposed connector 
element 130. The internal structure of the probe 1 12 and guide wire body 120 conducts 
electrical signals between the distal exposedjelectrode 128 and the electrical connector 
element 130. 

The flexible guide wire body 120 preferably comprises a coiled wire 132 extending 
between die guide wire body proximal end 122 and flie guide wire body distal end 124 
forming a coiled wire lumen 134 and an inextensible core wire 136. The core wire 138 
extends through the coiled wke lumen 134 and is aflSxed to the coiled wire 132 at the 
guide wire body proximal end 122 and the guide wure body distal end 124 to inhibit 
stretching of the guide wire body 120. The core wire and the coiled wire can also conduct 
electrical signals generated by an electrical stimulator or electrical signals of the body 
from between the exposed electrode 128 and connector element 130. 

Preferably, the tissue penetrating probe 1 12 has a probe lumen 140 extending 
distally ftom the probe proximal end 1 14 toward the probe distal end 1 16. The probe 
distal end 116 is preferably tapered to a sharpened Hp, and the probe lumen 140 is filled at 
the tapered distal end 1 16. Preferably, the inextensible core wire 136 and wire coil 132 
extend mto the probe lumen 140 and are affixed to the tissue penetrating probe therein by 
welding and/or crimping to attach flie guide wire body distal end 124 to the probe 
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proximal end 114 as shown in FIG. 4. The core wire 136 can extend to the probe distal 
end 1 16 to fill the probe lumen at the tapered distal end 1 16. 

The outer diameter of the combined percutaneous medical probe and guide wire 
100 is selected in relation to the through-lumen of a medical device, e.g., a lead an 
introducer, a dilator, a catheter or the like, so that the medical device can be advanced over 
the combined percutaneous medical probe and guide wire 100 after it is inserted 
transcutaneously as described further below to form a percutaneous pathway. The length 
of the probe 1 12 is selected to traverse the desired percutaneous pathway and is shorter 
than the length of flie elongated medical device to be mtroduced therethrough. The length 
of the guide wire body 120 is selected m relation to the lengfli of the medical device to 
enable grasping the guide wire body proximal end 122 upon advancement of the elongated 
medical device over the guide wure body 120. Then, the guide wire body 120 and 
elongated medical device ov^lying it can be axially aligned with the tissue penetrating 
probe 1 12 to enable advancement of the elongated medical device over flie tissue 
penetratmg probe 1 12 and through a percutaneous pathway . 

The combined probe and guide wire 100 is therefore typically en]5)loyed to form a 
percutaneous pathway to a percutaneously accessed site and to enable over-the-wire 
advancement of an elongated medical device having a device length and device through- 
lumen to the percutaneously accessed site or into an access pathway accessible from the 
percutaneously accessed site. The probe 1 12 is adapted to be manually grasped and 
advanced from the skin to the percutaneous access site to provide the percutaneous 
palhway to the percutaneously accessed site at the probe distal end. 

One procedure for mtroducmg a an elongated neurostimulation lead 10 over the 
combmed percutaneous medical probe and guide wire 100 to locate the lead electrodes 
ttiiough a foramen 40 of the sacrum 50 at a percutaneously accessed site 30 adjacent to the 
sacral nerve (not shown) is depicted m FIGs. 5-9. The sacrum 50, generalty speakmg, is 
a large, triangular bone situated at ttie lower part of the vertebral column, and at the upper 
and back part of the pelvic cavity. The sacrum 50 is perforated by the anterior and 
posterior sacral foramina, e.g., foramen 40, fliat the sacral nerves pass through. The organs 
involved in bladder, bowel, and sexual function receive much of their control via the 
second, fliird, and fourth sacral nerves, commonly referred to as S2, S3 and S4 
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respectively. Electrical stimulation of these various nerves has been found to offer some 
control over these functions inchiding control for bladder incontinence. Unlike other 
surgical procedures, sacral nerve stimulation using an implantable pulse generator is 
reversible by merely turning off the pulse generator. 

The ininimally invasive mefliod of the present invention for inserting an elongated 
medical device, e.g., lead 10 or the dilator 70 shown in FIGs. 10a - 10c, having a device 
length and device Ifarougih-lumen percutaneously to the percutaneously accessed site 30 
commraces in FIG. 5. In fliese illustrations, the elongated medical device comprises a 
neurostimulation lead 10 shown most particularly in FIG. 8. The neurostimulatibn lead 10 
has a lead body 12 extending between a lead body proximal end 14 and a lead body distal 
end 16. A plurality of stimulation electrodes 18 are arrayed along a distal segment of the 
lead body 12, and a like plurality of in-line connector elements 20 are arrayed along a 
proximal segment of flie lead body 14. The lead body 12 encloses a like plurality of 
conductors that are insulated electrically from one another and extend between each of die 
plurality of connector elements 20 and electrodes 1 8. A through-lumen extends within the 
lead body 12 from the lead body proximal end 14 to the lead body distal end 16. The lead 
body through-lumen diameter is sized to receive the combined probe and guide wire 100 
for over-the-wire advancement 

In FIG. 5, die probe 1 1 2 is grasped, amied in alignment with a predetermined 
direction D and advanced from the skin 60 to the percutaneously accessed site 30. The 
sharpened tip distal end 1 16 penetrates the surgically sterilized site on the skin or is 
advanced through a small skin incision toward the percutaneously accessed site 30 which 
is within or through die foramen 40 as the probe 1 1 2 is manualty advanced in alignment 
with the direction D. Depth markings on die probe body and radiographic imaging can be 
employed to determine die depth of insertion and the location of die probe distal end 1 16. 

The probe distal end 1 1 6 is shown fully advanced to die percutaneously accessed 
site 30 in FIG. 6. Test electrical stimulation can be applied at terminal 1 30 fluough die 
combined percutaneous medical probe and guide wire 100 to determine if stfanulation 
applied through die probe distal end electrode 128 to the sacral nerve elicits a favorable 
response indicating optimal positioning. When testing is completed, the combined 
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percutaneous medical probe and guide vnie 100 depth provides the percutaneous 
pathway fiom the skin 60 to the percutaneously accessed site 30. 
In FIG. 7, the guide wire body 1 20 is straightened, and the guide wire body proximal end 
122 is inserted into the through-lumen of the elongated neuiostinmlation lead 10. The 
elongated neurostimulation lead 10 is advanced over tiie over the guide wire body 120 as 
shown in FIG. 8 by grasping the guide wire body proximal end 122 upon advancement of 
the lead 10 over the guide wire body 120 to align the guide wire body 120 and elongated 
lead generally axially with the tissue penetrating probe 1 12 and in the direction D. . 

The elongated lead is then advanced over the tissue penetrating probel 12 as shown 
in FIG. 8 until the lead electrodes 18 are located at the percutaneously accessed site 30 as 
shown in FIG. 9. Ihe lead electrodes 1 8 can be moved back and forth to locate at least 
one or a pair of the electrodes in optimal location with respect to the sacral nerve to effect 
the desired response to test stimulation selectively applied through the electrodes. Then, 
the combined percutaneous medical probe and guide wire 100 is withdrawn flirough the 
through-lumen of the lead body 12 as shown in FIG. 9. The lead body 12 is fixed in place 
to prevent movement of the electrodes in a manner described m commonly assigned U.S 
Patent No. 5,484,445, for exanq>le. The lead connector elements 20 can then be coupled 
to an implantable neurostimulator in a manner known in tibe art. 

The percutaneous pathway effected by the relatively short stiff probe 1 12 can be 
expanded by use of a dilator 70 formed of the assembly of a dilator body 80 and a dilator 
sheath 90 as shown in FIGs. 10a - 10c. The dilator body 80 is preferably conductive, and 
the dilator sheath 90 is preferably non-conductive but may bear radiopaque and visually 
observable depft marks 96 along its lengfli to fecilitate radiogr^hic imagmg when it is 
extended into the patienfs body. The depfli markings or marks 96 can be one centimeter 
or one-half centimeter bands or numerals or otha: indicia that indicate the depth of 
msertion to clinician firom the exposed marking. The most distal mark is spaced from the 
distal tip of dilator sheath 90 to indicate a predetermmed depth of the distal tip 84 of the 
dilator body 80 protruding distally during insertion as shown in FIG. 10c. 

Thus, when assembled as shown in FIG. 10c, the dilator body distal end extends 
out of the dilator sheath distal end and is electrically exposed. Electrical stimulation of the 
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sacral nerve to test placement can take place through the dilator body 80 while the dilator 
shealh 90 is in place 

The dilator body 80 has a dilator body diameter, a dilator body length extending 
between a dilator body proximal end 82 and a dilator body distal end 84, and a dilator 
body lumen 86 extending from the dilator proximal end to the dilator distal end. The 
dilator sheath 90 has a dilator sheafli diameter, a dilator shealii length extending between a 
dilator sheath proximal end 92 and a dilator sheath distal end 94. A dilator sheath himen 
98 extends ftom the dilator sheath proximal end to the dilator shealh distal end, the dilator 
sheafh Imnen having a dilator sheath lumen diameter sized in operative relation to the 
dilator body diameter to selectively receive the dilator body therein to assemble the dilator 
body and dilator sheath as flie dilator as shown in FIG. 10c. Ihe dilator sheath lumen 98 
is also sized in operative relation to the diameter of the neuiostimulation lead body 12 so . 
that Ihe neurostimulation lead 10 can be advanced through tiie dilator sheafli lumen 98 
when the dilator body 80 is removed. 

In this case, the dilator 70 is substituted for ftte lead 10 shown m FIG. 7, and the 
proximal end 122 of the combined percutaneous medical probe and guide wire 100 is 
inserted through the dilator body lumen 86. The dilator 70 is advanced over the combined 
percutaneous medical probe and guide wire 100 as shown in HGs. 8 and 9 to dilate the 
percutaneous path. Then, either flie entire dilator 70 or just the dilator body 80 can be 
withdrawn to enable the advancement of the lead 10 over the combined percutaneous 
medical probe and guide wire 100. Or, tiie dilator body 80 and the combmed percutaneous 
medical probe and guide wire 100 can be withdrawn, and a neurostimulation lead lhat does 
not have a through-lumen can be advanced through tiie dilator sheath lumen.98. 

Thus, it will be seen that the combined percutaneous medical probe and guide wire 
1 00 can be used in a variety of other ways that will be apparent to those of skill in the art 
to facilitate advancement of implantable leads, caflieters, dilators, introducers, cannula and 
tubes to various percutaneously accessed sites and in certain cases, from the 
percutaneously accessed site to a more remote site through an access patiiway. 
All patents and other publications referenced herein are incorporated herein by reference. 
The true spirit and scope of the inventions of this specification are best defined by the 
appended claims, to be interpreted m light of tiie foregoing specification. Other apparatus 
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that incotpoiate modificatiotis or changes to that which has been described herein are 
equally included within the scope of the following claims and equivalents thereof. 
Therefore, to particularly point out and distinctly claim the subject matter regarded as the 
invention, the following claims conclude this specification. 
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We claim: 

1 . A combined percutaxieous medical probe and guide wire employed to form a 
percutaneous pathway to a peicutaneously accessed site and to enable over-the-wiie 
advancement of an elongated medical device having a device length and device through- 
lumen to the percutaneously accessed site or into an access pathway accessible fix)m the 
percutaneously accessed site comprising: 

a stiff tissue penetrating probe having a probe length between a probe proximal end and a 
probe distal end, flie probe adapted to be manually grasped and advanced from flie skm to 
the percutaneous access site to provide the percutaneous pathway to the percutaneously 
accessed site at the probe distal end the probe length shorter than fte device lengflu and 
a flexible guide wire body having a guide wire length between a guide wire body proximal 
end and a guide wire body distal end, the guide wire distal endcoi5)led to the probe 
proximal end, the guide wire length sufSciently long to support the device length to enable 
its over-the-wire advancement over the guide wire body and probe. 

2. The combined percutaneous medical probe and guide wire of Claim 1, further 
comprising: 

an insulating coating overlymg the tissue penetrating probe except for a distal exposed 
electrode area and overlymg flie guide wire body except for an exposed electrical 
connector area of the guide wue body; and 

conductive means for conducting electrical signals between the distal exposed electrode 
area and the electrical connector area. 

3. The combined percutaneous medical probe and guide wire of Claim 2, wherein: 
the flexible guide wire body comprises a coiled wire extending between the guide wire 
body proximal end and flie guide wire body distal end forming a coiled wire lumen and an 
mextensible core wire extending through flie coiled wire lumen and aflBxed to flie coiled 
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wire at ttie guide wire body proximal end and liie guide wire body distal end to inhibit 
stretching of the guide wire body. 

4. The combined percutaneous medical probe and guide wire of Claim 2, wherem: 
flie tissue penelrating probe has a probe lumen extending distally from the probe proximal 
end; 

the flexible guide wire body comprises a coiled wire extending between the guide wke 
body proximal end and the guide wire body distal end forming a coiled wire lumen and an 
inextensible core wire extending through the coiled wire lumen and affixed to the coiled 
wire at Ihe guide wire body proximal end and extending into the probe lumen and affixed 
to the tissue penetrating probe to at least partially attach the guide wne body distal end to 
lie probe proximal end and to inhibit stretching of the guide wire body. 

5. The combmed percutaneous medical probe and guide wire of Claim 4, wherein the 
core wire extends distally through the probe lumen to the probe distal end. 

6. The combined percutaneous medical probe and guide wire of Claim 1, wherem: 
flie flexible guide wire body comprises a coiled wire extending between flie guide wne 
body proximal end and the guide wire body distal end forming a coiled wire lumen and an 
inextensible core wire extending through the coiled wire lumen and affixed to (he coilrf 
wire at the guide wire body proxmial end and the guide wire body distal end to inhibit 
stretehing of the guide wire body. 

7. The combined percutaneous medical probe and guide wire of Claim 1, wherein: 
the tissue penetrating probe has a probe lumen extending distally from the probe proximal 
end; 

the flexible guide wire body comprises a coiled wire extending between the guide wire 
body proximal end and the guide wire body distal end forming a coiled wire lumen and an 
inextensible core wire extending through the coiled wke lumen and affixed to the coiled 
wire at the guide wire body proximal end and extending mto the probe lumen and affixed 
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to liie tissue penetrating piobe to at least partially attach the guide wire body distal end to 
flie probe proximal end and to inhibit stretching of the guide wire body. 

8. The combined percutaneous medical probe and guide whe of Claim 7, wherein the 
core wire extends distally through the probe lumen to a distal core wire end at flie probe 
distal end. 

9. The combined percutaneous medical probe and guide wire of Claim 8, wherein the 
core wire is electrically conductive and furlher comprising an electrical connector element 
formed along the flexible guide wire body electrically coupled to the core wire to enable 
delivery of electrical stimulation pulses through flie core wire to the distal core wire end. 

1 0. The combined percutaneous medical probe and guide wire of Claim 1 , wherein the 
guide wire length exceeds the device length to enable grasping the guide wire body 
proximal end upon advancement of the elongated medical device over the guide wire body 
to align the guide wire body and elongated medical device axially with the tissue 
pmetrating probe to enable advancement of the elongated medical device over the tissue 
penetrating probe. 

1 1 . The combmed percutaneous medical probe and guide wire of Claim 1 , wherein the 
elongated medical device con:5)rises one of an electrical stimulation lead for stimulating a 
body organ, nerve or other tissue, a dilator for dilating tissue surrounding the combined 
percutaneous medical probe and guide wire, a catheter, an introducer, a cannula or a 
medical tube. 

12. The combined percutaneous medical probe and guide wire of Claim 1, wherein the 
elongated medical device comprises a sacral nerve stimulation lead, and the 
percutaneously accessed site conqjrises a site accessed througjb a foramen of the saCTum 
adjoining a sacral nerve. 
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13. The combined percutaneous medical probe and guide wire of Claim 1, wherein ttie 
elongated medical device comprises a dilator comprising the assembly of: 

a dilator body having a dilator body diameter, a dilator body length extending between a 
dilator proximal end and a dilator distal end, and a dilator body lumen extending 
from the dilator proximal end to ttie dilator distal end and having a dilator body 
lumen diameter sized to receive the combined percutaneous medical probe and 
guide wire therein, 

a dilator sheath having a dilator sheath diameter, a dilator sheath length extendmg between 
a dilator sheath proximal end and a dilator sheath distal end, and a dilator sheath 
hzmen extending from the dilator sheath proximal end to flie dilator sheath distal 
end and having a dilator sheath lumen diameter sized in operative relation to the 
dilator body diameter to selectively receive the dilator body therein, 

whereby flie dilator sheath and dilator body are adapted to be assembled with the dilator 
body received within the dilator sheath lumen, the dilator body is adapted to be 
inserted over flie combined percutaneous medical probe and guide wire and to be 
advanced distally over the combined percutaneous medical probe and guide wire 
through the insertion path to dilate the insertion path to the dilator sheath diameter. 

14. A minimally mvasive method of mserting an elongated medical device having a 
device length and device throu^-lumen percutaneously to a percutaneously accessed site 
corc^rising the steps of: 

providing a combmed percutaneous medical probe and guide wire comprising a stiff tissue 
penetrating probe havmg a probe length between a probe proximal end and a probe distal 
end, the probe length shorter than flie elongated medical device length, and a flexible 
guide wire body having a guide wire length between a guide wire body proxnnal end and a 
guide wire body distal end, the guide wire distal end coupled to the probe proximal end, 
tiie guide wire length sufiSciently long to support the elongated medical device to enable 
its over-flie-wire advancement over the guide wire body and probe; 
manually grasping the probe and advancmg the probe from die skm to the percutaneously 
accessed site to provide flie percutaneous pafliway to flie percutaneously accessed site at 
the probe distal end; 
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inserting the guide wire body proximal end into the through-lumen of the elongated 
medical device; 

advancing the elongated medical device over the guide wire body; 
grasping the guide wire body proximal end upon advancement of the elongated medical 
device over the guide wire body to align the guide wire body and elongated medical 
device genially axially with the tissue penetrating probe; 
advancing the elongated medical device over the tissue penetrating probe; and 
withdrawing the combined percutaneous medical probe and guide wire ifrom the through- 
lumen of the medical device. 

15. The method of Claim 14, wherein the elongated medical device comprises one of 
an electrical stimulation lead for stimulating a body organ, nerve or other tissue, a dilator, 
for dilating tissue surrounding the combined percutaneous medical probe and guide wire, a 
catheter, an introduce, a cannula or a medical tube. 

16. The method of Claim 14, wheiem the elongated medical device comprises a sacral 
nerve stimulation lead, and the percutaneously accessed site conq)rises a site accessed 
through a foramen of the sacrum adjoining a sacral nerve. 

17. A minimally invasive method of inserting an elongated a sacral nerve stimulation 
lead having a lead body length and lead body through-lumen percutaneously to a 
percutaneously accessed foramen of the sacrum adjoming a sacml nerve comprising flie 
steps of: 

(a) providing a combined percutaneous medical probe and guide wire comprising a stiff" 
tissue penetrating probe having a probe length between a probe proximal end and a probe 
distal end, the probe length shorter than the elongated medical device length, and a 
flexible guide wire body having a guide wire length between a guide wire body proximal 
end and a guide wire body distal end, the guide wire distal end coiqjled to the probe 
proximal end, the guide wire lengfli sufiBcienfly long to support tiie elongated medical 
device to enable its over-the-wire advancement over the guide wire body and probe; 
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(b) manually grasping the probe and advancing the probe fiom the skin to the 
percutanecusly accessed site to provide the percutaneous pathway to the percutaneously 
accessed site adjoining a sacral nerve at ttie probe distal ^d; 

(c ) inserting the guide wire body proximal end into the through-lumen of the elongated 
stimulation lead; 

(d) advancing tfie elongated stimulation lead over the guide wire body; 

(e) grasping the guide wire body proxunal end upon advancement of the elongated 
stimulation lead over flie guide wire body t» align the guide wne body and elongated 
stimulation lead generally axially wifli the tissue penetrating probe; 

(f) advancing the elongated stimulation lead over the tissue penetrating probe to position 
lead stimulation electrodes in operative relation to the sacral nerve, 

(g) delivering test stimuli to the sacral nerve through the lead stimulation electrodes, and 

(h) withdrawing the combined percutaneous medical probe and guide wire fiom the 
through-lumen of tiie stimulation lead. 

18. The method of Claim 17 further comprising the steps of: 

providing a dilator having a dilator through-lumen adapted to receive the combined 
percutaneous medical probe and guide wire; and 
before step (c ), 

inserting the guide wire body proximal end into the flirough-lumen of the dilator, and 
expanding flie percutaneous pathway by advancing fee dilator over the combined 
percutaneous medical probe and guide wire. 

19. A surgical instrumentation kit for minimally invasive implantation of a sacral 
stimulation lead through a foramen of the sacrum in a patient to electrically stimulate a 
sacral nerve, the sacral stimulation lead of the type having a lead body extending between 
a lead body proximal end and a lead.body distal end, the lead body having a lead body 
diameter extending from the lead body proximal end and lead body distal end, the lead 
body further enclosing at least one electrical conductor extending between at least one 
proximally located electrical connector adapted to be coupled to an electrical stimulation 
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pulse generator and at least one distally located stimulation electrode adapted to apply 
electrical stimulation to a sacral nerve, the kit comprising: 
a combined percutaneous medical probe and guide wire comprising a stiff tissue 
penetrating probe having a probe lengfli between a probe proximal end and a probe distal 
end, the probe length shorter than flie lead body lengfli, and a flexible guide wire body 
having a guide wire length between a guide wire body proximal end and a guide wire body 
distal end, the guide wire distal end coupled to the probe proximal end, the guide wire 
lengfli sufBciently long to support the elongated lead body to enable its over-the-wire 
advancement over the guide wire body and probe, the probe distal end capable of 
penetrating body tissue, the probe adapted to be grasped by a medical clinician with the 
probe distal end directed toward and inserted through an entry point of the skin or a skin 
incision posterior to the sacrum and guided along an insertion pathinto a foramen to locate 
at least a distal portion of the probe extending alongside a sacral nerve and a proximal 
portion of flie probe extending from flie entry point away from flie patient's skin; and 
a dilator body having a dilator body diameter, a dilator body Imgfli extending between a 
dilator proximal end and a dilator distal end, and a dilator body lumen extending from the 
dilator proximal end to the dilator distal end and havmg a dilator body lumeu diameter 
sized to receive the combined percutaneous medical probe and guide whe therein, 
a dilator sheafli having a dilator sheafli diameter, a dilator sheath lengfli extending between 
a dilator sheafli proximal end and a dilator sheath distal end, and a dilator sheafli lumen 
extending from the dilator sheafli proximal end to flie dilator sheafli distal end and having 
a dilator sheafli lumen diameter sized in operative relation to flie dilator body diameter to 
selectively receive the dilator body therein, 

whereby flie dilator sheafli and dilator body are ad^ted to be assembled wifli flie dilator 
body received wifliin the dilator sheafli lumen, the dilator body is adapted to be inserted 
over flie combined percutaneous medical probe and guide wire and to be advanced distally 
ovet flie combined percutaneous medical probe and guide wire througji the insertion path 
to dilate the insertion pafli to the dilator sheath diameter 
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20. The suigical instrumentation kit of Claim 1 9, wberein the combined percutaneous 
medical probe and guide wire is adapted to be withdrawn through Ihe dilator body lumen, 
the dilator body is adapted to be withdrawn through the dilator sheath lumen. 



wo 02/087678 



PCTAJS02/04010 




wo 02/087678 



2/7 



PCTAJS02/04010 




SUBSTITUTE SHEET (RULE 26) 



wo 02/087678 



PCTAJS02/04010 




SUBSTITUTE SHEET (RULE 26) 



wo 02/087678 



PCT/US02/04010 



A/ 7 




SUBSTITUTE SHEET (RULE 26) 



wo 02/087678 



PCT/US02/04010 



5/7 




SUBSTITUTE SHEET (RULE 26) 



wo 02/087678 PCTAJS02/04010 

6/7 




SUBSTITUTE SHEET (RULE 26) 



wo 02/087678 



7/7 



PCTAJS02/04010 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



In :lonal Application No 

PCT/US 02/04010 



A. CLASSIFICATION OF SUBJECT MATTER . .^-..-/^^ . 

IPC 7 A61M25/01 A61M25/06 A61N1/05 A61B17/34 




According to International Patent Classification (IPC) or to t)Olh national classlflcallon and IPC 




B. RELDS SEARCHED 


Minimum documentatbn searched (dasslRcaUon system followed by dasslficatton synnbols) 

IPC 7 A61M A61N A61B 


Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 


Electronic d 


ata base consulted during the international search (name of data base and. where practical, search terms used) 


EPO-Internal 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoiy • 


Citation of document. wBh Indication, where appropriate, of the relevant passages 


Relevant to dalm No. 


A 


US 6 162 221 A (OUCHI TERUO) 
19 December 2000 (2000-12-19) 
column 4, line 4 - line 16; figure 1 
column 6, line 59 -column 7, line 32; 
figure 10 


1,2,10, 
19 


A 


US 4 052 989 A (KLINE WILLIAM MATHES) 

11 October 1977 (1977-10-11) 

column 2, line 18 - line 45; figure 2 


1,2,19 


A 


DE 43 33 910 A (GESSLER REINER) 

6 April 1995 (1995-04-06) 

column 4, line 38 - line 57; figure 1 


1-3,6,19 


A 


US 6 104 960 A (DUYSENS VICTOR P J ET AL) 

15 August 2000 (2000-08-15) 

column 4, line 4 - line 37; figures 2B,3 

-/- 


1,11,12, 
19 


py" Furthe r docu merits are listed In th e continuation of box C. Patent family memijers are listed 


In annex 


• Special categoriesofcfteddocuments: ^ later document published after the International fiOng date 
.A.-* .-.o. ... . *^ *.u - ui^. . or priority date and not In conflict with the application but 
■A' document defining the general state of the art which Is not died n, understand the principle or theory underlying the 

considered to be of particular relevance Invention ' 
*E' earlier document but published on or after the international document of particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
•L* document which may throw doubts on priority claJm(5) or Involve an Inventive step when the document Is taken alone 

which is cited to establish the pubficatlon dale of another .y* document of particular relevance; the claimed invention 

dtallon or other special reason (as specified) cannot be considered to Involve an inventive step when the 
'0' document referring to an oral dlsdosure, use, exhibition or document Is combined with one or more other such docu- 

other means ments, such combination being obvious to a person skilled 
•P' document published prior to the international filing date but In the art. 

later than the priority date claimed '&' document member of the same patent family 



Date of the actual completion of the International search 

9 September 2002 



Date of mailing of the intemallonal search report 

16/09/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRIjswIjk 
Tel (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70)340-3016 



Authorized officer 



Ducreau, F 



Fonn PCT/lSA/210 (second sheet) (July 1892) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT Uonal Application No 

PCT/US 02/04010 


C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


Citallon of document, with lncDcatlon,where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 5 255 691 A (OTTEN LYNN M) 
26 October 1993 (1993-10-26) 
abstract; figures 1,2 


1,11,12, 
19 



FcMm PCT/ISA/210 (conUnuaUon of second shoel) (Mf 1982) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



3matlonal application No. 
PCT/US 02/04010 



Box I Observations where certein claims were found unsearchable (Continuation of item 1 of first sheet) 

This Intemational Search Report has not been established In respect of certain claims under Article 17(2)(a) for the following reasons: 

1. fx] Claims Nos.: 14-18 

because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
surgery 

2. rn Claims Nos.: 

because they relate to parts of the Intemational Application that do not comply with the prescribed requirements to such 
an extent that no meaningful Intemational Search can be carried out, specifically: 



3. rn Claims Nos.: 

— because they are dependent dalms and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 

Box il Observations where unity of invention is lacldng (Continuation of item 2 of first sheet) 

This intemationai Searching Authority found mulfiple Inventions In this international application, as fbliows: 



1 . I I As all required additional seartih fees were timely paid by the applicant, this Intenr^ational Search Report covers all 
* — ' searchable claims. 

2. rn As all searchable claims could be searched without effort Justifying an addtlonai fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Internationa] Search Report 
1 — I covers only those claims fbr which fees were paid, specifically claims Nos.: 



4. Fj No required additional search fees were timely paid tiy the applicant Consequently, this International Search Report is 
restricted to the Invention first mentioned In the claims; It is covered by claims Nos.: 



Remark on Protest |^ The additional search fees were accompanied by the appDcanf s protest 

I I No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 
nformatlon on patent family members 



itional Application No 

PCT/US 02/04010 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(8) 



Publication 
date 



us 6162221 


A 


19-12-2000 


JP 


11192205 A 


21-07-1999 








nr 


198499/4 Al 


f\ci nc 1 ono 








DE 


19849964 Al 


06-05-1999 








Jr 


ill ftoonc A 










US 


6134467 A 


17-10-2000 


US 4052989 


A 


11-10-1977 


NONE 






DE 4333910 


A 


06-04-1995 


DE 


4333910 Al 


06-04-1995 


US 6104960 


A 


15-08-2000 


EP 


0972538 A2 


19-01-2000 


US 5255691 


A 


26-10-1993 


NONE 







Form PCT/tSA/210 (patent famlty annex) (July 1892} 



